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Ⱥɧɨɬɚɰɿɹ. ɇɚɜɟɞɟɧɨ ɟɬɚɩɢ ɫɢɧɬɟɡɭ ɫɢɫɬɟɦɢ ɪɨɡɩɨɞɿɥɟɧɨʀ ɩɨɞɚɱɿ ɝɚɡɭ, ɜɢɡɧɚɱɟɧɨ ɡɚɝɚɥɶɧɭ 
ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɢ, ɪɨɡɜ’ɹɡɚɧɨ ɡɚɞɚɱɿ ɩɪɢɜ’ɹɡɤɢ ɞɨ ɨɛ’ɽɤɬɚ ɤɟɪɭɜɚɧɧɹ ɿ ɭɡɝɨɞɠɟɧɧɹ ɞɢɧɚɦɿɱ-
ɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɢɤɨɧɚɜɱɢɯ ɩɪɢɫɬɪɨʀɜ ɿɡ ɞɢɧɚɦɿɤɨɸ ɪɨɛɨɬɢ ȾȼɁ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɩɨɞɚɱɿ ɝɚɡɭ, ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɣ ɞɨɡɚɬɨɪ ɝɚɡɭ, ɟɥɟɤɬɪɨɧɧɢɣ ɛɥɨɤ ɤɟɪɭ-
ɜɚɧɧɹ, ɫɢɧɯɪɨɧɿɡɚɰɿɹ ɩɨ ɤɨɥɿɧɱɚɫɬɨɦɭ ɜɚɥɭ. 
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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɢɜɟɞɟɧɵ ɷɬɚɩɵ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɨɞɚɱɢ ɝɚɡɚ, ɨɩɪɟɞɟɥɟɧɚ ɨɛ-
ɳɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ, ɪɟɲɟɧɵ ɡɚɞɚɱɢ ɩɪɢɜɹɡɤɢ ɤ ɨɛɴɟɤɬɭ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɨɝɥɚɫɨɜɚɧɢɹ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫ ɞɢɧɚɦɢɤɨɣ ɪɚɛɨɬɵ Ⱦȼɋ. 

 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɩɨɞɚɱɢ ɝɚɡɚ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɞɨɡɚɬɨɪ ɝɚɡɚ, ɷɥɟɤɬɪɨɧɧɵɣ ɛɥɨɤ 
ɭɩɪɚɜɥɟɧɢɹ, ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɩɨ ɤɨɥɟɧɱɚɬɨɦɭ ɜɚɥɭ. 
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Abstract.  Stages of distributive gas supply system synthesis are presented. The general system struc-

ture is determined. Tasks concerning the referencing of actuators with ICE operation dynamics to the 

control system and matching dynamic parameters are solved.  
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ゑïöÜä 

 

Ʉɚɮɟɞɪɚ ȾȼɁ ɏɇȺȾɍ ɩɪɨɞɨɜɠɭɽ ɜɟɫɬɢ ɪɨ-
ɛɨɬɢ ɡɿ ɫɬɜɨɪɟɧɧɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ ɧɚ ɛɚɡɿ 
ɞɢɡɟɥɹ. Ɍɨɦɭ ɧɚ ɞɚɧɨɦɭ ɟɬɚɩɿ ɪɨɛɨɬɢ ɩɨɫɬɚɥɚ 
ɩɨɬɪɟɛɚ ɭ ɫɬɜɨɪɟɧɧɿ ɫɢɫɬɟɦɢ ɪɨɡɩɨɞɿɥɟɧɨʀ 
ɩɨɞɚɱɿ ɝɚɡɭ ɞɥɹ ɞɜɢɝɭɧɚ 6Ƚɑɇ 13/14. 

 

ɋɢɧɬɟɡ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɩɨɞɚɱɟɸ ɽ ɤɨɦ-

ɩɥɟɤɫɧɨɸ ɡɚɞɚɱɟɸ ɿ ɩɟɪɟɞɛɚɱɚɽ ɧɟ ɥɢɲɟ 
ɫɬɪɭɤɬɭɪɧɭ ɪɟɚɥɿɡɚɰɿɸ ɤɨɧɤɪɟɬɧɨʀ ɫɯɟɦɢ, ɚɥɟ 

ɣ ɚɞɚɩɬɚɰɿɸ ʀʀ ɞɨ ɨɛ’ɽɤɬɚ ɤɟɪɭɜɚɧɧɹ. ɉɪɢ 

ɰɶɨɦɭ ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ ɤɨɧɮɿɝɭɪɚɰɿɸ ɨɛ’ɽɤɬɚ 
ɤɟɪɭɜɚɧɧɹ, ɨɫɨɛɥɢɜɨɫɬɿ ɩɪɢɜ’ɹɡɤɢ ɞɨ ɧɶɨɝɨ, ɚ 
ɬɚɤɨɠ ɤɨɧɫɬɪɭɤɰɿɸ ɜɢɤɨɧɚɜɱɢɯ ɩɪɢɫɬɪɨʀɜ, 
ɨɫɨɛɥɢɜɨ, ɤɨɥɢ ɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɨɫɬɚɧɧɿɯ ɡɧɚɯɨɞɹɬɶɫɹ ɭ ɫɤɥɚɞɧɿɣ ɡɚɥɟɠɧɨɫɬɿ 
ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ. 
 

Ɍɚɤ, ɞɢɧɚɦɿɤɚ ɪɨɛɨɬɢ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɞɨ-
ɡɚɬɨɪɚ ɝɚɡɭ (ȿȾȽ), ɤɪɿɦ ɜɥɚɫɧɢɯ ɤɨɧɫɬɪɭɤɬɢ-

ɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɯɿɞɧɨɝɨ ɿ ɜɢ-
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ɯɿɞɧɨɝɨ ɬɢɫɤɭ ɿ ɩɚɪɚɦɟɬɪɿɜ ɤɟɪɭɜɚɥɶɧɨɝɨ ɫɢɝ-
ɧɚɥɭ. ɉɪɢ ɰɶɨɦɭ ɱɚɫ ɡɚɩɿɡɧɟɧɧɹ ɜɿɞɤɪɢɬɬɹ 
ɤɥɚɩɚɧɚ ɦɨɠɟ ɛɭɬɢ ɫɩɿɜɜɢɦɿɪɧɢɣ ɡ ɧɟɨɛɯɿɞ-
ɧɨɸ ɬɪɢɜɚɥɿɫɬɸ ɩɨɞɚɱɿ ɝɚɡɭ, ɳɨ ɩɨɬɪɟɛɭɽ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɹɤ ɡɚɞɚɱ ɩɨɤɪɚɳɟɧɧɹ ɞɢɧɚɦɿɤɢ 

ɪɨɛɨɬɢ ɤɥɚɩɚɧɿɜ, ɬɚɤ ɿ ɡɚɞɚɱ ɮɚɡɨɜɨɝɨ ɡɫɭɜɭ ɿ 
ɪɨɡɩɨɞɿɥɟɧɧɹ ɫɢɝɧɚɥɿɜ ɤɟɪɭɜɚɧɧɹ ɟɥɟɤɬɪɨ-
ɦɚɝɧɿɬɚɦɢ. 

 

んÖí¿：£ äÜß¿：¡íî：ú 

 

ɉɨɤɪɚɳɟɧɧɹ ɞɢɧɚɦɿɤɢ ɪɨɛɨɬɢ ɟɥɟɤɬɪɨɦɚɝɧɿ-
ɬɧɢɯ ɮɨɪɫɭɧɨɤ ɦɨɠɟ ɞɨɫɹɝɚɬɢɫɶ ɪɿɡɧɢɦɢ 

ɫɩɨɫɨɛɚɦɢ. ɇɚ ɟɬɚɩɿ ɩɪɨɟɤɬɭɜɚɧɧɹ ɰɟ ɡɦɟɧ-

ɲɟɧɧɹ ɦɚɫɢ ɹɤɨɪɹ, ɩɿɞɛɿɪ ɠɨɪɫɬɤɨɫɬɿ ɡɜɨɪɨɬ-
ɧɨʀ ɩɪɭɠɢɧɢ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɛɦɨɬɤɢ ɟɥɟɤɬ-
ɪɨɦɚɝɧɿɬɭ ɡ ɦɚɥɨɸ ɿɧɞɭɤɬɢɜɧɿɫɬɸ [1]. 

 

Ⱦɟɹɤɿ ɮɿɪɦɢ ɜɢɝɨɬɨɜɥɹɸɬɶ ɮɨɪɫɭɧɤɢ ɿɡ ɡɚɩɿɪ-
ɧɨɸ ɬɚɪɿɥɤɨɸ ɚɛɨ, ɹɤ ʀɯ ɳɟ ɧɚɡɢɜɚɸɬɶ, ɡ ɤɨɦ-

ɩɟɧɫɚɰɿɽɸ ɬɢɫɤɭ [2], ɤɨɧɫɬɪɭɤɬɢɜɧɨɸ ɨɫɨɛ-
ɥɢɜɿɫɬɸ ɹɤɢɯ ɽ ɬɟ, ɳɨ ɬɢɫɤ ɝɚɡɭ ɧɟ ɱɢɧɢɬɶ 
ɩɪɨɬɢɞɿʀ ɪɭɯɭ ɡɚɩɿɪɧɨɦɭ ɤɥɚɩɚɧɭ. Ɉɞɧɚɤ ɬɚɤɿ 
ɤɥɚɩɚɧɢ ɩɨɞɚɱɿ ɝɚɡɭ ɦɚɸɬɶ ɜɟɥɢɤɭ ɩɪɨɞɭɤɬɢ-

ɜɧɿɫɬɶ ɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɧɚ ɩɪɨɦɢɫɥɨɜɢɯ 

ɞɜɢɝɭɧɚɯ ɿɡ ɩɨɬɭɠɧɿɫɬɸ 150–500 ɤȼɬ/ɰɢɥ. 
 

ɇɚɣɛɿɥɶɲ ɞɨɰɿɥɶɧɢɦ ɦɟɬɨɞɨɦ ɩɨɤɪɚɳɟɧɧɹ 
ɞɢɧɚɦɿɤɢ ȿȾȽ, ɜ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ, ɽ ɮɨɪɫɭ-
ɜɚɧɧɹ ɫɬɪɭɦɭ ɩɪɢ ɩɨɞɚɱɿ ɫɢɝɧɚɥɭ ɤɟɪɭɜɚɧɧɹ, 
ɞɥɹ ɩɪɢɫɤɨɪɟɧɨɝɨ ɧɚɤɨɩɢɱɟɧɧɹ ɟɧɟɪɝɿʀ ɧɟɨɛ-
ɯɿɞɧɨʀ ɞɥɹ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ ɤɥɚɩɚɧɚ, ɿ ɩɨɞɚ-
ɥɶɲɟ ɡɧɢɠɟɧɧɹ ɫɬɪɭɦɭ ɞɨ ɡɧɚɱɟɧɧɹ, ɞɨɫɬɚɬ-
ɧɶɨɝɨ ɞɥɹ ɭɬɪɢɦɚɧɧɹ ɤɥɚɩɚɧɚ ɭ ɜɿɞɤɪɢɬɨɦɭ 
ɫɬɚɧɿ. Ɍɚɤɢɣ ɦɟɬɨɞ ɤɟɪɭɜɚɧɧɹ ɫɨɥɟɧɨʀɞɚɦɢ 

ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɤɥɚɩɚɧɿɜ ɨɬɪɢɦɚɜ ɧɚɡɜɭ 

«Pick & Hold». ɇɚɣɩɨɲɢɪɟɧɿɲɢɦɢ ɫɩɨɫɨɛɚ-
ɦɢ ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ ɽ ɫɢɫɬɟɦɚ ɿɡ ɞɠɟɪɟɥɨɦ ɜɢ-

ɫɨɤɨʀ ɧɚɩɪɭɝɢ, ɜ ɹɤɿɣ ɡɧɢɠɟɧɧɹ ɫɬɪɭɦɭ ɞɨ 
ɡɧɚɱɟɧɧɹ ɭɬɪɢɦɚɧɧɹ ɪɟɚɥɿɡɭɽɬɶɫɹ ɲɥɹɯɨɦ 

ɩɟɪɟɯɨɞɭ ɞɨ ɲɢɪɨɬɧɨ-ɿɦɩɭɥɶɫɧɨʀ ɦɨɞɭɥɹɰɿʀ, 
ɚɛɨ ɫɢɫɬɟɦɚ ɿɡ ɞɜɨɦɚ ɞɠɟɪɟɥɚɦɢ ɧɚɩɪɭɝɢ – 

ɜɢɫɨɤɨʀ – ɞɥɹ ɮɨɪɫɭɜɚɧɧɹ ɫɬɪɭɦɭ ɬɚ ɧɢɡɶɤɨʀ – 

ɞɥɹ ɭɬɪɢɦɚɧɧɹ [3, 4]. 

 

ぜñöí ： äÜïöíÖÜç¡í £íÑíô： 
 

Ɇɟɬɨɸ ɞɚɧɨʀ ɪɨɛɨɬɢ ɽ ɩɪɨɜɟɞɟɧɧɹ ɟɬɚɩɿɜ ɫɢ-

ɧɬɟɡɭ ɫɢɫɬɟɦɢ ɪɨɡɩɨɞɿɥɟɧɨʀ ɩɨɞɚɱɿ ɝɚɡɭ, ɜɢ-

ɡɧɚɱɟɧɧɹ ɡɚɝɚɥɶɧɨʀ ɫɬɪɭɤɬɭɪɢ ɫɢɫɬɟɦɢ, 

ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ ɩɪɢɜ’ɹɡɤɢ ɞɨ ɨɛ’ɽɤɬɚ ɤɟɪɭ-
ɜɚɧɧɹ ɿ ɭɡɝɨɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɜɢɤɨɧɚɜɱɢɯ ɩɪɢɫɬɪɨʀɜ ɿɡ ɞɢɧɚɦɿɤɨɸ ɪɨɛɨɬɢ 

ȾȼɁ. 
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Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɨɞɿɥɟ-
ɧɨɸ ɩɨɞɚɱɟɸ ɝɚɡɭ ɛɭɥɨ ɨɛɪɚɧɨ ɫɯɟɦɭ «Pick & 

Hold» ɡ ɞɜɨɦɚ ɪɿɜɧɹɦɢ ɤɟɪɭɜɚɥɶɧɢɯ ɧɚɩɪɭɝ. 
ɋɬɪɭɤɬɭɪɧɭ ɫɯɟɦɭ ɫɢɫɬɟɦɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫ. 1, ɮɭɧɤɰɿɨɧɚɥɶɧɨ ʀʀ ɪɨɡɞɿɥɟɧɨ ɧɚ ɞɜɚ 
ɛɥɨɤɢ: ɛɥɨɤ ɤɟɪɭɜɚɧɧɹ ɬɚ ɛɥɨɤ ɫɢɥɨɜɨʀ ɤɨɦɭ-
ɬɚɰɿʀ. ɐɟ ɞɨɡɜɨɥɢɬɶ ɪɨɡɜɚɧɬɚɠɢɬɢ ɦɿɤɪɨɩɪɨ-
ɰɟɫɨɪɧɢɣ ɩɪɢɫɬɪɿɣ, ɳɨ ɦɚɽ ɡɧɢɡɢɬɢ ɣɨɝɨ ɜɚɪ-
ɬɿɫɬɶ ɡɚ ɪɚɯɭɧɨɤ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɜɨɯ 
ɦɿɤɪɨɩɪɨɰɟɫɨɪɿɜ ɿɡ ɦɟɧɲɨɸ ɩɟɪɢɮɟɪɿɽɸ ɬɚ 
ɫɩɪɨɳɟɧɧɹ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ. 

 

 
 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɪɨɡɩɨɞɿɥɟɧɨʀ ɩɨɞɚɱɿ ɝɚɡɭ: Ⱦɉȼ – ɞɚɬɱɢɤ ɩɨɱɚɬɤɭ ɜɿɞɥɿɤɭ; ȾɄȱ – ɞɚɬɱɢɤ 

ɤɭɬɨɜɢɯ ɿɦɩɭɥɶɫɿɜ; ȾɌȽ – ɞɚɬɱɢɤ ɬɢɫɤɭ ɝɚɡɭ; ȾɉȾɁ – ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɧɹ ɞɪɨɫɟɥɶɧɨʀ ɡɚɫɥɿɧ-

ɤɢ; ɆɄ – ɦɿɤɪɨɩɪɨɰɟɫɨɪ; Ⱥɐɉ – ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɢɣ ɩɟɪɟɬɜɨɪɸɜɚɱ; ɇȼ ɤɨɦ. – ɧɢɡɶɤɨɜɨɥɶ-
ɬɧɢɣ ɤɨɦɭɬɚɬɨɪ; ɇɄ – ɧɢɡɶɤɨɜɨɥɶɬɧɢɣ ɤɥɸɱ; ȼɄ – ɜɢɫɨɤɨɜɨɥɶɬɧɢɣ ɤɥɸɱ; ȿȾȽ – ɟɥɟɤɬɪɨ-
ɦɚɝɧɿɬɧɢɣ ɞɨɡɚɬɨɪ ɝɚɡɭ 
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Ȼɥɨɤ ɤɟɪɭɜɚɧɧɹ ɜɿɞɩɨɜɿɞɚɽ ɡɚ ɡɛɿɪ ɿ ɨɛɪɨɛɤɭ 
ɿɧɮɨɪɦɚɰɿʀ, ɨɬɪɢɦɭɜɚɧɨʀ ɡ ɞɚɬɱɢɤɿɜ, ɬɚ ɮɨɪ-
ɦɭɜɚɧɧɹ ɫɢɝɧɚɥɿɜ ɤɟɪɭɜɚɧɧɹ ɫɢɥɨɜɢɦ ɛɥɨɤɨɦ 

ɤɨɦɭɬɚɰɿʀ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɝɚɡɨɪɨɡɩɨɞɿɥɭ ɞɜɢ-

ɝɭɧɚ. Ⱦɚɬɱɢɤɢ ɩɨɱɚɬɤɭ ɜɿɞɥɿɤɭ (Ⱦɉȼ) ɬɚ ɤɭ-

ɬɨɜɢɯ ɿɦɩɭɥɶɫɿɜ (ȾɄȱ) – ɿɧɞɭɤɰɿɣɧɿ ɞɚɬɱɢɤɢ 

ɜɿɞɩɨɜɿɞɚɸɬɶ ɡɚ ɫɢɧɯɪɨɧɿɡɚɰɿɸ ɫɢɫɬɟɦɢ ɩɨ 
ɫɩɟɰɿɚɥɶɧɨɦɭ ɦɚɪɤɟɪɧɨɦɭ ɞɢɫɤɭ, ɜɫɬɚɧɨɜɥɟ-
ɧɨɦɭ ɧɚ ɜɚɥɭ ɩɪɢɜɨɞɭ ɩɚɥɢɜɧɨɝɨ ɧɚɫɨɫɚ ɜɢ-

ɫɨɤɨɝɨ ɬɢɫɤɭ (ɉɇȼɌ). Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɧɹ 
ɞɪɨɫɟɥɶɧɨʀ ɡɚɫɥɿɧɤɢ (ȾɉȾɁ) ɜɿɞɨɛɪɚɠɚɽ ɩɨ-
ɬɨɱɧɢɣ ɤɭɬ ɜɿɞɤɪɢɬɬɹ ɞɪɨɫɟɥɹ, ɹɤɢɣ ɩɨɤɚɡɭɽ 
ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɜɢɝɭɧɚ ɿ ɪɚɡɨɦ ɿɡ ɱɚɫɬɨɬɨɸ 

ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ ɜɢɡɧɚɱɚɽ ɧɟɨɛ-
ɯɿɞɧɭ ɤɿɥɶɤɿɫɬɶ ɩɚɥɢɜɚ (ɰɢɤɥɨɜɭ ɩɨɞɚɱɭ). 

 
ɉɪɢ ɪɨɛɨɬɿ ɞɜɢɝɭɧɚ ɧɚ ɪɟɠɢɦɚɯ ɩɨɜɧɨɝɨ ɧɚ-
ɜɚɧɬɚɠɟɧɧɹ ɜɢɬɪɚɬɚ ɩɚɥɢɜɚ ɿɫɬɨɬɧɨ ɡɪɨɫɬɚɽ, 
ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɫɭɦɚɪɧɨɝɨ ɬɢɫɤɭ 

ɝɚɡɭ ɜ ȿȾȽ. Ɂɚ ɫɢɝɧɚɥɨɦ ɞɚɬɱɢɤɚ ɬɢɫɤɭ ɝɚɡɭ 

(ȾɌȽ) ɛɥɨɤ ɤɟɪɭɜɚɧɧɹ ɜɜɨɞɢɬɶ ɤɨɪɟɤɰɿɸ ɬɪɢ-

ɜɚɥɨɫɬɿ ɜɿɞɤɪɢɬɨɝɨ ɫɬɚɧɭ ȿȾȽ ɞɥɹ ɡɚɛɟɡɩɟ-
ɱɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɰɢɤɥɨɜɨʀ ɩɨɞɚɱɿ. 
 
ȱɧɬɟɪɮɟɣɫ ɨɩɟɪɚɬɨɪɚ ɞɨɡɜɨɥɹɽ ɜ ɪɟɚɥɶɧɨɦɭ 
ɦɚɫɲɬɚɛɿ ɱɚɫɭ ɫɩɨɫɬɟɪɿɝɚɬɢ ɡɚ ɩɨɬɨɱɧɢɦɢ 

ɞɚɧɢɦɢ, ɬɚɤɢɦɢ ɹɤ ɱɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɧ-

ɱɚɫɬɨɝɨ ɜɚɥɚ ȾȼɁ, ɤɭɬ ɜɿɞɤɪɢɬɬɹ ɞɪɨɫɟɥɶɧɨʀ 
ɡɚɫɥɿɧɤɢ, ɬɪɢɜɚɥɿɫɬɶ ɭɩɨɪɫɤɭɜɚɧɧɹ, ɬɚ ɡɚɞɚɜɚ-
ɬɢ ɤɨɪɟɝɭɸɱɿ ɜɩɥɢɜɢ ɧɚ ɪɨɡɪɚɯɭɧɨɤ ɧɟɨɛɯɿɞ-
ɧɨɝɨ ɱɚɫɭ ɜɿɞɤɪɢɬɨɝɨ ɫɬɚɧɭ ȿȾȽ. 

 
Ȼɥɨɤ ɫɢɥɨɜɨʀ ɤɨɦɭɬɚɰɿʀ ɪɨɡɩɨɞɿɥɹɽ ɜɯɿɞɧɿ ɫɢ-

ɝɧɚɥɢ, ɳɨ ɮɨɪɦɭɽ ɛɥɨɤ ɤɟɪɭɜɚɧɧɹ, ɩɨ ɤɚɧɚ-
ɥɚɯ ȿȾȽ ɿ ɝɟɧɟɪɭɽ ɫɢɝɧɚɥɢ ɮɨɪɫɭɜɚɧɧɹ ɫɬɪɭ-
ɦɭ ɤɟɪɭɜɚɧɧɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬɚɦɢ. ȼ ɹɤɨɫɬɿ 
ɞɠɟɪɟɥɚ ɜɢɫɨɤɨʀ ɧɚɩɪɭɝɢ ɫɥɭɠɢɬɶ ɩɿɞɜɢɳɭ-

ɜɚɥɶɧɢɣ DC/DC ɩɟɪɟɬɜɨɪɸɜɚɱ, ɳɨ ɫɬɚɛɿɥɿɡɭɽ 
ɜɢɯɿɞɧɭ ɧɚɩɪɭɝɭ ɧɚ ɪɿɜɧɿ 90 ȼ. 

 
ɓɨɛ ɭɧɢɤɧɭɬɢ ɩɟɪɟɤɪɢɬɬɹ ɫɢɝɧɚɥɿɜ ɜɢɫɨɤɨʀ 
ɧɚɩɪɭɝɢ, ɞɨɡɚɬɨɪɢ ɛɭɥɨ ɪɨɡɞɿɥɟɧɨ ɧɚ ɞɜɚ ɤɚ-
ɧɚɥɢ: ɩɟɪɲɢɣ – ɞɨɡɚɬɨɪɢ 1, 2 ɿ 3 ɰɢɥɿɧɞɪɿɜ, 
ɞɪɭɝɢɣ – ɞɨɡɚɬɨɪɢ 4, 5 ɿ 6 ɰɢɥɿɧɞɪɿɜ. Ʉɨɠɟɧ 

ɤɚɧɚɥ ɨɛɫɥɭɝɨɜɭɽɬɶɫɹ ɨɞɧɢɦ ɜɢɫɨɤɨɜɨɥɶɬɧɢɦ 

ɤɥɸɱɟɦ (ȼɄ) ɿ ɬɪɶɨɦɚ ɧɢɡɶɤɨɜɨɥɶɬɧɢɦɢ ɤɥɸ-

ɱɚɦɢ (ɇɄ) – ɩɨ ɨɞɧɨɦɭ ɧɚ ɤɨɠɟɧ ȿȾȽ. 

 
づÜßÜöí ïêñ½ó äëóï¡ÜëñÖÖ　 ぎがゎ 

 
Ɏɪɚɝɦɟɧɬ ɫɯɟɦɢ ɩɿɞɤɥɸɱɟɧɧɹ ɨɞɧɿɽʀ ɮɨɪɫɭɧ-

ɤɢ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 2. ȼɨɧɚ ɦɿɫɬɢɬɶ ɞɜɚ ɞɠɟ-
ɪɟɥɚ ɠɢɜɥɟɧɧɹ: UH – ɜɢɫɨɤɨʀ ɿ UL – ɧɢɡɶɤɨʀ 
ɧɚɩɪɭɝɢ ɬɚ ɞɜɚ ɟɥɟɤɬɪɨɧɧɢɯ ɤɥɸɱɿ: VT1 – ɜɢ-

ɫɨɤɨʀ ɿ VT2 – ɧɢɡɶɤɨʀ ɧɚɩɪɭɝɢ. ȼ ɹɤɨɫɬɿ ɟɥɟɤ-

ɬɪɨɧɧɢɯ ɤɥɸɱɿɜ ɜɢɤɨɪɢɫɬɚɧɨ ɫɢɥɨɜɿ 
MOSFET ɬɪɚɧɡɢɫɬɨɪɢ. 

 

ɇɄ ɜɢɤɨɧɭɽ ɪɨɥɶ ɫɩɿɥɶɧɨɝɨ ɤɨɦɭɬɚɬɨɪɚ 
ɫɬɪɭɦɭ – ɩɪɢ ɣɨɝɨ ɡɚɤɪɢɬɨɦɭ ɫɬɚɧɿ ɫɬɪɭɦ ɱɟ-
ɪɟɡ ɨɛɦɨɬɤɭ ɟɥɟɤɬɪɨɦɚɝɧɿɬɭ ɧɟ ɩɪɨɬɿɤɚɽ. 
Ⱦɪɚɣɜɟɪɢ DA1 ɬɚ DA2 ɡɚɛɟɡɩɟɱɭɸɬɶ ɞɢɧɚɦɿ-
ɤɭ ɪɨɛɨɬɢ ɬɪɚɧɡɢɫɬɨɪɿɜ, ɚ ɞɿɨɞ VD1 ɛɥɨɤɭɽ 
ɩɪɨɬɿɤɚɧɧɹ ɫɬɪɭɦɭ ɜɢɫɨɤɨɜɨɥɶɬɧɨɝɨ ɞɠɟɪɟɥɚ 
ɱɟɪɟɡ ɧɢɡɶɤɨɜɨɥɶɬɧɟ. 
 

 
 

Ɋɢɫ. 2. Ɏɪɚɝɦɟɧɬ ɫɯɟɦɢ ɭɜɿɦɤɧɟɧɧɹ ȿȾȽ 

 

Ɍɚɤ, ɩɪɢ ɩɨɞɚɱɿ ɜɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ ɤɟɪɭɜɚɧɧɹ 
ɤɨɦɭɬɚɰɿɹ ɜɿɞɛɭɜɚɽɬɶɫɹ ɡɚ ɬɚɤɨɸ ɫɯɟɦɨɸ 

(ɪɢɫ. 3).  
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Ɋɢɫ. 3. Ⱦɿɚɝɪɚɦɢ, ɳɨ ɩɨɹɫɧɸɸɬɶ ɪɨɛɨɬɭ ɛɥɨ-
ɤɚ ɫɢɥɨɜɨʀ ɤɨɦɭɬɚɰɿʀ 

 

ɋɩɨɱɚɬɤɭ ɜɿɞɤɪɢɜɚɽɬɶɫɹ ɇɄ ɤɨɧɤɪɟɬɧɨʀ ɮɨɪ-
ɫɭɧɤɢ (t1), ɳɨ ɫɬɜɨɪɸɽ ɫɬɪɭɦ ɩɿɞɦɚɝɧɿɱɟɧɧɹ, 
ɩɨɬɿɦ, ɧɟ ɡɚɤɪɢɜɚɸɱɢ ɇɄ, ɜɿɞɤɪɢɜɚɽɬɶɫɹ ȼɄ 

(t2), ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɲɜɢɞɤɨɝɨ ɧɚɪɨɫɬɚɧɧɹ 
ɫɬɪɭɦɭ, ɭɬɜɨɪɸɸɱɢ ɦɚɝɧɿɬɧɟ ɡɭɫɢɥɥɹ, ɧɟɨɛ-
ɯɿɞɧɟ ɞɥɹ ɜɿɞɤɪɢɬɬɹ ɤɥɚɩɚɧɚ. ɉɿɫɥɹ ɫɩɪɚɰɸ-

ɜɚɧɧɹ ɤɥɚɩɚɧɚ ɜɢɫɨɤɨɜɨɥɶɬɧɢɣ ɤɥɸɱ ɡɚɤɪɢ-

ɜɚɽɬɶɫɹ (t3), ɚ ɧɢɡɶɤɨɜɨɥɶɬɧɢɣ ɡɚɥɢɲɚɽɬɶɫɹ 
ɜɿɞɤɪɢɬɢɦ, ɡɚɛɟɡɩɟɱɭɸɱɢ ɩɪɨɬɿɤɚɧɧɹ ɫɬɪɭɦɭ, 
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ɞɨɫɬɚɬɧɶɨɝɨ ɞɥɹ ɭɬɪɢɦɚɧɧɹ ɤɥɚɩɚɧɚ ɭ ɜɿɞɤɪɢ-

ɬɨɦɭ ɫɬɚɧɿ. ɉɪɢ ɡɚɤɿɧɱɟɧɧɿ ɤɟɪɭɜɚɥɶɧɨɝɨ ɫɢɝ-
ɧɚɥɭ ɇɄ ɡɚɤɪɢɜɚɽɬɶɫɹ (t4) ɿ ɩɪɨɬɿɤɚɧɧɹ ɫɬɪɭ-
ɦɭ ɜ ɨɛɦɨɬɰɿ ɟɥɟɤɬɪɨɦɚɝɧɿɬɭ ɩɪɢɩɢɧɹɽɬɶɫɹ, 
ɧɚɤɨɩɢɱɟɧɚ ɦɚɝɧɿɬɧɚ ɟɧɟɪɝɿɹ ɪɨɡɫɿɸɽɬɶɫɹ ɿ 
ɤɥɚɩɚɧ ɡɚɤɪɢɜɚɽɬɶɫɹ.  
 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɫɯɟɦɢ ɩɪɢɫɤɨ-
ɪɟɧɧɹ ȿȾȽ ɧɚ ɫɩɟɰɿɚɥɶɧɨɦɭ ɫɬɟɧɞɿ [5] ɩɨɤɚ-
ɡɚɥɨ, ɳɨ ɡɚ ɬɢɫɤɭ ɝɚɡɭ ɜ ɪɚɦɩɿ 0,2 Ɇɉɚ ɱɚɫ 
ɡɚɬɪɢɦɤɢ ɜɿɞɤɪɢɬɬɹ ɤɥɚɩɚɧɚ ɡ ɦɨɦɟɧɬɭ ɩɨɞɚɱɿ 
ɜɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ ɧɟ ɩɟɪɟɜɢɳɭɽ 5 ɦɫ, ɳɨ ɞɥɹ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɝɚɡɨɜɢɯ ɮɨɪɫɭɧɨɤ ɿɡ ɩɪɨ-
ɞɭɤɬɢɜɧɿɫɬɸ ɩɨɧɚɞ 4,5 ɦ³/ɝɨɞ ɽ ɰɿɥɤɨɦ ɩɪɢɣ-

ɧɹɬɧɢɦ. 

 

でóÖêëÜÖ：£íî：　 ïóïöñ½ó £í ¡ÜöÜçó½  

äÜ¿Ü¢ñÖÖ　½  とゑ 

 

əɤ ɛɭɥɨ ɜɿɞɦɿɱɟɧɨ ɪɚɧɿɲɟ, ɫɢɧɯɪɨɧɿɡɚɰɿɹ  
ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɩɨɞɚɱɿ ɝɚɡɭ ɩɨ ɰɢɥɿɧɞɪɚɯ ɜɿɞ-

ɛɭɜɚɽɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɜɨɯ ɞɚɬɱɢɤɿɜ ɿ ɫɩɟ-
ɰɿɚɥɶɧɨɝɨ ɦɚɪɤɟɪɧɨɝɨ ɞɢɫɤɚ (ɪɢɫ. 4), ɳɨ 
ɜɫɬɚɧɨɜɥɸɽɬɶɫɹ ɡɚɦɿɫɬɶ ɉɇȼɌ ɿɡ ɩɪɢɜɨɞɨɦ 

ɜɿɞ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ. 
 

 
 

Ɋɢɫ. 4. Ɂɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɜɭɡɥɚ ɫɢɧɯɪɨɧɿɡɚɰɿʀ 
 

Ⱦɜɢɝɭɧ əɆɁ-236 ɦɚɽ V-ɩɨɞɿɛɧɟ ɪɨɡɬɚɲɭɜɚɧ-

ɧɹ ɰɢɥɿɧɞɪɿɜ. ɉɪɢ ɰɶɨɦɭ ɧɟɪɿɜɧɨɦɿɪɧɿɫɬɶ 
ɫɩɚɥɚɯɿɜ ɦɿɠ ɰɢɥɿɧɞɪɚɦɢ ɫɤɥɚɞɚɽ 90°–150°–

90°–150°–90°–150°, ɡɝɿɞɧɨ ɡ ɣɨɝɨ ɩɨɪɹɞɤɨɦ 

ɪɨɛɨɬɢ 1–4–2–5–3–6. [6]. Ɍɨɦɭ ɩɪɢ ɪɨɡɪɨɛɰɿ 
ɫɢɫɬɟɦɢ ɡɚɩɚɥɸɜɚɧɧɹ ɞɥɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ 
6Ƚɑ 13/14 ɧɚ ɛɚɡɿ ɞɢɡɟɥɹ ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ 
ɫɩɟɰɿɚɥɶɧɢɣ ɦɚɪɤɟɪɧɢɣ ɞɢɫɤ [7]. Ⱦɢɫɤ ɦɚɽ 
ɲɿɫɬɶ ɫɟɤɬɨɪɧɢɯ ɜɢɪɿɡɿɜ, ɞɨɜɠɢɧɚ ɹɤɢɯ ɜɿɞ-

ɩɨɜɿɞɚɽ ɦɿɧɿɦɚɥɶɧɨɦɭ ɤɭɬɭ ɜɢɩɟɪɟɞɠɟɧɧɹ 
ɡɚɩɚɥɸɜɚɧɧɹ, ɚ ɡɚɞɧɹ ɝɪɚɧɶ (ɡɚ ɯɨɞɨɦ ɨɛɟɪ-

ɬɚɧɧɹ) – ɩɨɥɨɠɟɧɧɸ ɜɿɞɩɨɜɿɞɧɨɝɨ ɰɢɥɿɧɞɪɚ 
ȼɆɌ ɭ ɬɚɤɬɿ ɫɬɢɫɤɭ. Ȳɯ ɮɿɤɫɭɽ ɩɨɜɡɞɨɜɠɧɿɣ 

ɞɚɬɱɢɤ ɤɭɬɨɜɢɯ ɿɦɩɭɥɶɫɿɜ. Ɉɞɢɧ ɿɡ ɜɢɪɿɡɿɜ 
ɦɚɽ ɡɚɝɥɢɛɥɟɧɧɹ ɞɨɜɠɢɧɨɸ, ɭɞɜɿɱɿ ɦɟɧɲɨɸ 

ɡɚ ɞɨɜɠɢɧɭ ɨɫɧɨɜɧɨɝɨ ɫɟɤɬɨɪɚ, ɳɨ ɜɿɞɩɨɜɿɞɚɽ 
ɩɟɪɲɨɦɭ ɰɢɥɿɧɞɪɭ, ɣɨɝɨ ɮɿɤɫɭɽ ɩɨɩɟɪɟɱɧɢɣ 

ɞɚɬɱɢɤ ɩɨɱɚɬɤɭ ɜɿɞɥɿɤɭ. 
 

ȼ ɹɤɨɫɬɿ ɞɚɬɱɢɤɿɜ ɜɢɤɨɪɢɫɬɚɧɨ ɿɧɞɭɤɬɢɜɧɿ 
ɞɚɬɱɢɤɢ ɿɡ ɜɛɭɞɨɜɚɧɢɦ ɮɨɪɦɭɜɚɱɟɦ ɫɢɝɧɚɥɭ ɿ 
ɜɢɯɨɞɨɦ ɬɢɩɭ ɜɿɞɤɪɢɬɢɣ ɟɦɿɬɟɪ. Ɍɚɤɿ ɞɚɬɱɢɤɢ 

ɦɚɸɬɶ ɲɢɪɨɤɿ ɞɿɚɩɚɡɨɧɢ ɧɚɩɪɭɝɢ ɠɢɜɥɟɧɧɹ ɿ 
ɪɨɛɨɱɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɽ ɦɟɧɲ ɱɭɬɥɢɜɢɦɢ ɞɨ 

ɦɟɯɚɧɿɱɧɢɯ ɜɿɛɪɚɰɿɣ. 

 

Ɂɦɿɳɟɧɧɹ ɫɢɝɧɚɥɭ ȾɄȱ ɧɚ 90–120 ɉɄȼ. ɞɨ-
ɡɜɨɥɹɽ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɣɨɝɨ ɿ ɞɥɹ ɪɨɡɩɨɞɿ-
ɥɟɧɧɹ ɩɨɞɚɱɿ ɝɚɡɭ ɩɨ ɰɢɥɿɧɞɪɚɯ. ɉɪɢ ɰɶɨɦɭ 
ɩɨɞɚɱɚ ɫɢɝɧɚɥɭ ɧɚ ɜɿɞɤɪɢɬɬɹ ȿȾȽ ɛɭɞɟ ɜɿɞɩɨ-
ɜɿɞɚɬɢ ɩɨɥɨɠɟɧɧɸ ɩɨɪɲɧɹ ɤɨɧɤɪɟɬɧɨɝɨ ɰɢ-

ɥɿɧɞɪɚ ɩɨɱɚɬɤɭ ɬɚɤɬɭ ɜɢɩɭɫɤɭ, ɚ ɡɚɤɪɢɬɬɹ ɜɢ-

ɡɧɚɱɚɽɬɶɫɹ ɧɟɨɛɯɿɞɧɨɸ ɬɪɢɜɚɥɿɫɬɸ ɩɨɞɚɱɿ 
ɝɚɡɭ, ɚɥɟ ɧɟ ɩɿɡɧɿɲɟ ɧɿɠ ɩɟɪɟɯɿɞ ɿɡ ɬɚɤɬɭ ɜɩɭ-

ɫɤɭ ɜ ɬɚɤɬ ɫɬɢɫɤɭ. ɉɨɞɚɱɚ ɝɚɡɭ ɜɿɞɛɭɜɚɽɬɶɫɹ ɭ 

ɜɩɭɫɤɧɢɣ ɤɨɥɟɤɬɨɪ ɭ ɧɚɞɤɥɚɩɚɧɧɭ ɡɨɧɭ ɿ,  
ɡɚɥɟɠɧɨ ɜɿɞ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ, ɛɭɞɟ 
ɱɚɫɬɤɨɜɨ ɚɛɨ ɩɨɜɧɿɫɬɸ ɩɟɪɟɤɪɢɜɚɬɢɫɶ ɿɡ ɮɚ-
ɡɨɸ ɜɿɞɤɪɢɬɬɹ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ. Ɍɚɤ, ɩɪɢ 

ɪɨɛɨɬɿ ɞɜɢɝɭɧɚ ɧɚ ɨɛɟɪɬɚɯ 2100 ɯɜ–1 ɦɚɤɫɢ-

ɦɚɥɶɧɚ ɬɪɢɜɚɥɿɫɬɶ ɩɨɞɚɱɿ ɝɚɡɭ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɡɚɬɪɢɦɤɢ ɧɚ ɜɿɞɤɪɢɬɬɹ ɮɨɪɫɭɧɤɢ, ɫɤɥɚɞɟ 16–

18 ɦɫ. 
 

ゑóïÖÜç¡ó 

 

Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɩɨɤɪɚɳɟɧɧɹ ɞɢɧɚɦɿɤɢ 

ȿȾȽ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɣ ɚɩɪɨɛɨɜɚɧɨ ɞɜɨɤɥɸɱɨ-
ɜɭ ɫɯɟɦɭ ɤɨɦɭɬɚɰɿʀ ɣ ɚɥɝɨɪɢɬɦ ɤɨɦɭɬɚɰɿʀ 
ɤɥɸɱɿɜ, ɳɨ ɞɨɡɜɨɥɢɥɨ ɫɬɚɛɿɥɿɡɭɜɚɬɢ ɱɚɫ ɡɚ-
ɬɪɢɦɤɢ ɜɿɞɤɪɢɬɬɹ ɤɥɚɩɚɧɚ ɿ ɜɪɚɯɭɜɚɬɢ ɣɨɝɨ 
ɩɪɢ ɮɨɪɦɭɜɚɧɧɿ ɫɢɝɧɚɥɿɜ ɤɟɪɭɜɚɧɧɹ. Ɍɚɤɢɣ 

ɫɩɨɫɿɛ ɤɟɪɭɜɚɧɧɹ ɧɚɞɚɜ ɦɨɠɥɢɜɿɫɬɶ ɫɬɪɭɤɬɭ-
ɪɧɨ ɪɨɡɩɨɞɿɥɢɬɢ ɫɢɫɬɟɦɭ ɧɚ ɞɜɚ ɩɪɨɝɪɚɦɧɨ 
ɧɟɡɚɥɟɠɧɿ ɛɥɨɤɢ ɣ ɥɨɤɚɥɿɡɭɜɚɬɢ ɚɥɝɨɪɢɬɦ ʀɯ 
ɪɨɛɨɬɢ. ɋɢɧɯɪɨɧɿɡɚɰɿɸ ɫɢɫɬɟɦɢ ɩɨɞɚɱɿ ɝɚɡɭ 

ɛɭɥɨ ɪɟɚɥɿɡɨɜɚɧɨ ɡɚ ɪɚɯɭɧɨɤ ɜɭɡɥɚ ɫɢɧɯɪɨɧɿ-
ɡɚɰɿʀ ɫɢɫɬɟɦɢ ɡɚɩɚɥɸɜɚɧɧɹ ɲɥɹɯɨɦ ɡɫɭɜɭ ɮɚ-
ɡɢ ɫɢɝɧɚɥɿɜ ɞɚɬɱɢɤɿɜ. 
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